Abstract. Uniconazole was applied as a spray to the surface of container media prior to planting bedding plant plugs. This medium spray was compared to a standard wholeplant spray applied 2 weeks after planting. For pe tu nia (Petunia ×hybrida Vilm.) and coleus (Solenostemon scutellarioides L.) the effi cacy of the medium spray was similar to the whole-plant spray. However, for im pa tiens (Im pa tiens wallerana Hook. f.) and vinca [Catharanthus roseus (L.) G. Don.] the me di um spray had greater effi cacy than the wholeplant spray. Increased con cen tra tions of uniconazole in the medium spray decreased plant height; however, the effect of higher concentrations was greater in a medium with out pine bark compared to a medium with pine bark as a component. com plete-block design with three blocks and three plants per ex per i men tal unit. Data were analyzed by anal y sis of variance (ANOVA) and contrast com par i son was used to compare means to the whole-plant spray treat ment.
com plete-block design with three blocks and three plants per ex per i men tal unit. Data were analyzed by anal y sis of variance (ANOVA) and contrast com par i son was used to compare means to the whole-plant spray treat ment.
The effect of pine bark as a medium com po nent on the effi cacy of uniconazole in a medium spray was evaluated using 'Pacifi caʼ vinca and 'Dreams Whiteʼ petunia. The ex per i ments were 2 × 4 factorials with four blocks and two plants per experimental unit. The two media were Fafard II, which does not contain pine bark, and Metro Mix 300 (Scotts, Marysville, Ohio), which contains pine bark as pre vi ous ly de scribed by Million et al. (1999b) . Pine bark has been shown to be the primary medium component that affects plant growth reg u la tor effi cacy in medium drench ap plica tions (Million, 1998) . The four uniconazole con cen tra tions were 0, 4, 8 and 16 mg·L -1 for petunia and 0, 0.5, 1, and 2 mg·L -1 for vinca. Plants were planted on 18 Feb. 1999. Plant heights were measured 5 weeks after planting, and data were analyzed by ANOVA and re gres sion analysis.
Spray volume effects in medium sprays were determined using 'Dreams Whiteʼ petu nia. Uniconazole at 1 mg·L -1 was applied to the medium prior to planting using spray vol umes of 0, 100, 200, 300, or 400 mL·m -2 . There were three blocks and three plants per ex per i men tal unit. Plants were started on 18 Feb. 1999. Plant heights were determined 5 weeks after plant ing, and data were subjected to regression analysis.
Results and Discussion
Compared to the nontreated control plants, whole-plant uniconazole sprays pro duced short er plants in all four crops, and the plants were of commercially acceptable quality. Heights of plants sprayed 2 weeks after planting were between 43% and 59% of the heights of nontreated plants . It previously has been reported that uniconazole provides height control on these species (Barrett and Nell, 1992; Barrett and Erwin, 1994) .
For impatiens, plants given the uniconazole medium spray at 10 mg·L -1 were shorter than the plants receiving the whole-plant spray at 10 mg·L -1 at 2 weeks (Fig. 1) . The heights of plants given the medium spray at 2.5 mg·L -1 were similar to heights of plants in the wholeplant spray treatment. Results for vinca (Fig. 2) were similar to those for im pa tiens. Com pared to plants receiving 2 mg·L -1 as a whole-plant spray, the plants given 0.5 mg·L -1 as a medium spray had similar heights and plants in the 2-mg·L -1 medium spray treat ment were shorter. The results indicate that for impatiens and vinca uniconazole applied as a medium spray had greater effi cacy than the whole-plant spray at 2 weeks after plant ing.
However, the difference between the medi um spray and the whole-plant spray was not as great in petunia (Fig. 3) and coleus (Fig. 4) . In these crops, the 20 mg·L -1 of uniconazole applied prior to planting and at 2 weeks after planting produced plants with similar sizes, and the plants given 5 mg·L -1 in a medium spray Uniconazole is the most active of the growth regulators used for height control of fl o ri cul ture crops and is applied as a whole-plant spray or as a medium drench (Barrett, 2001; Barrett and Nell, 1992; Davis et al., 1988) . In research trials, uniconazole or other medium-active growth regulators have been delivered by numerous other techniques, in clud ing im preg na tion in solid spikes , in tablets (Sanderson et al., 1988) , impregnation of clay pots (Einert, 1976) , coat ing container surface (Barrett, 2000) , soaking seeds prior to sowing (Pasian and Bennett, 2001) , soaking corms or bulbs (Wulster and Ombrello, 2000) , and through subirrigation water (Million et al., 1999a) The objective of this research was to evalu ate the potential of applying uniconazole as a spray to the medium surface prior to planting bedding plant plugs (seedlings). In most commer cial situations, applying growth regulators as a whole-plant spray is easier and faster than applying a drench to the medium. However, uniconazole and other triazol growth reg u la tors are very active through the medium and medium applications have fewer negative ef fects on fl owering compared to whole-plant sprays. Therefore, a medium spray technique might combine the ease of using spray equip ment with the benefi ts of medium ap pli ca tions.
Materials and Methods
Bedding plant seedlings (as 288 size plugs) were transplanted into 10-cm pots (610 cm 3 ) and were fertilized at each irrigation at a level of 150 mg·L -1 of N from a 20N-4.4P-16.6K fer til iz er. Irrigation was applied to the medium surface by hand. Except where indicated, the growing medium was Fafard II (Fafard, Anderson, S.C.). Tem peratures ranged from a low of 18 °C to a high of 29 °C. Unless otherwise indicated, all uniconazole sprays were applied at a volume of 200 mL·m -2 . 'Double Madness Roseʼ petunia (Petunia ×hybrida Vilm.), 'Showstopper Orangeʼ impatiens (Impatiens wallerana Hook. f.), 'Wiz ard Roseʼ coleus (Solenostemon scutellarioides L.), and 'Cooler Roseʼ vin ca [Catharanthus roseus (L.) G. Don.] were used to compare a preplant medium spray to a whole-plant spray applied 2 weeks after planting, which simulated a standard in dus try prac tice. For the medium spray treat ments, the con tain ers were fi lled with me di um, the me di um spray was applied and then the plugs were planted 1-2 h later. Treat ments in clud ed uniconazole at three con cen tra tions applied as a medium spray, a nontreated control, and a whole-plant spray. Uniconazole concentrations applied to the crops varied de pend ing on the sensitivity of each, and the con cen tra tions for the whole-plant sprays were 20, 20, 10, and 2 mg·L -1 , for petunia, coleus, impatiens, and vin ca, respectively. The concentrations ap plied as a medium spray prior to planting were 1×, 0.5×, and 0.25× of the whole-plant spray. Plant height was measured 4 weeks after plant ing for petunia and at 5 weeks for the other crops. Plants were plant ed on 16 Apr. 1998. Each crop was a separate ex per i ment in a randomized were taller than plants sprayed at 2 weeks with 20 mg·L -1 . Therefore, the results from these four crops indicate that the relative effi cacy of medium sprays and whole-plant sprays may vary depending on species.
Higher concentrations of uniconazole in the medium sprays produced shorter plants than the lower concentrations for all four crops, as would generally be ex pect ed. This response is similar to the effect of increasing con centra tions reported in pre vi ous studies of triazole growth regulators ap plied as a medium drench , a whole-plant spray (Barrett and Nell, 1992) , and in subirrigation water (Million et al., 1999a) . Million et al. (1999b) found that when paclobutrazol was applied as a drench to the medium surface, the paclobutrazol was ini tial ly located in the upper portions of the medium profi le and moved down over time with subsequent irrigations. We speculate that the uniconazole sprayed to the medium sur face in the present study moved down into the medium with irrigation and was taken up by the plant roots similar to a medium drench. We observed that the plants were taking up the uniconazole quickly, and by 1 week after planting, the effects of the uniconazole on stem elongation could be seen in plants grow ing in the sprayed medium.
It is well documented that pine bark as a component of container medium reduces the effi cacy of uniconazole and other growth regu la tors applied as a medium drench (Mil lion et al., 1998 ). In the current study, there was a signifi cant interaction between medium and uniconazole concentration for both pe tu nia (Fig. 5) and vinca (Fig. 6) . As uniconazole con cen tra tion increased, plant height de creased for both the medium with and the one without pine bark. However, plants in the pine bark medium showed less response to increased con cen tra tion than those in the medium with out bark. These results indicate that the ef fi ca cy of me di um spray applications is affected by pine bark. The amount of chemical used in com mer cial applications will need to be ad just ed based on the characteristics of the me di um as the industry does with drench ap pli ca tions.
Spray volume has been shown to be an important source of variation in the effi cacy of triazole growth regulators applied as a whole-plant spray (Barrett and Nell, 1990; . The petunias (Fig. 7) grown in medium sprayed with uniconazole at different spray volumes showed a negative linear re la tion ship between plant height and spray vol ume. This indicates that in commercial sit u a tions applicators will need to insure medium sprays are applied uniformly as is the situation with a whole-plant spray application of triazole growth regulators.
While different spray volumes can be used for whole-plant sprays, 200 mL·m -2 has be come the standard volume recommended on growth regulator labels and for making rec om men da tions of concentrations for dif fer ent crops (Barrett and Erwin, 1994) . Like wise with me di um spray applications, dif fer ent spray vol umes can be applied, but similar results can be obtained by adjusting Fig. 2 . Uniconazole effects on height of 'Cooler Roseʼ vinca. Media sprays were ap plied to the medium in fi lled pots prior to planting. Ap pli ca tion at 2 weeks was a whole-plant spray.The ** indicates means that are sig nifi cant ly different from the spray at 2 weeks treatment, determined by con trast comparison (P < 0.01). Fig. 3 . Uniconazole effects on height of 'Double Madness Roseʼ petunia. Media sprays were ap plied to the medium in fi lled pots prior to plant ing. Application at 2 weeks was a whole-plant spray. The ** indicates means that are signifi cantly different from the spray at 2 weeks treatment, determined by contrast comparison (P < 0.01). Fig. 1 . Uniconazole effects on height of 'Showstopper Orangeʼ impatiens. Media sprays were applied to the medium in fi lled pots prior to planting. Application at 2 weeks was a whole-plant spray. The ** indicates means that are signifi cantly dif fer ent from the spray at 2 weeks treatment, de ter mined by contrast comparison (P < 0.01). Fig. 4 . Uniconazole effects on height of 'Wizard Roseʼ coleus. Media sprays were applied to the medium in fi lled pots prior to planting. Ap pli ca tion at 2 weeks was a whole-plant spray. The ** indicates means that are sig nifi cant ly different from the spray at 2 weeks treatment, determined by contrast comparison (P < 0.01). Fig. 5 . The relationship between uniconazole con cen tra tion, medium and height for 'Dreams Whiteʼ petunia. Metro Mix 300 contains pine bark, but Fafard II does not. Uniconazole was sprayed on surface of media prior to planting. Lines generated from data for individual plants (n = 32) and points are treatment means. Con cen tra tion × medium interaction was sig nifi cant at P < 0.0001. Fig. 6 . The relationship between uniconazole con cen tra tion, medium and height for 'Paci fi caʼ vinca petunia. Metro Mix 300 contains pine bark, but Fafard II does not. Uniconazole was sprayed on surface of media prior to planting. Lines generated from data for in di vid u al plants (n = 32), and points are treatment means. Concentration × medium interaction was signifi cant at P < 0.001.
the con cen tra tion used. We propose that 200 mL·m -2 be adopted, also, as the standard spray volume for medium spray applications. This will al low easier com par i sons of medium spray and whole-plant spray experimental results and commercial rec om men da tions. Com mer cial applicators using heavi er volumes for a medi um spray can adjust the concentration for the differences in volume.
The species and cultivars of bed ding plants used in this study vary con sid er ably in their vigor and sensitivity to uniconazole. In commer cial situations, pe tu nia is one of the least sensitive bedding plants and vinca is con sid ered among the most sen si tive (Barrett and Erwin, 1994) . The 'Double Madness Roseʼ petunia and 'Showstopper Orangeʼ impatiens cultivars are more vig or ous than most other commercial cultivars of those crops. How ev er, the vigor of 'Wizard Roseʼ coleus, 'Cool er Roseʼ vinca and 'Dreams Whiteʼ petunia is similar to most other com mer cial cultivars of those crops. The results from this study in di cate that the medium spray technique for ap ply ing growth regulators has potential in com mer cial situations on a wide array of bedding plant crops.
Spray applications and medium drench ap pli ca tions of growth regulators are common industry practices, and when the terms "spray" or "drench" are used in chemical use rec om men da tions the method of application is clear. The details provided in use rec om men da tions for spraying a growth regulator to media will be different from either spray or drench rec om men da tions. It will be important to keep the methods clearly differentiated. Thus, it has been suggested that the term "media spray" be used for situations where the chemical is sprayed to the medium surface either for sow ing seeds or transplanting cut tings and seed lings (Barrett, 2000) .
